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Abstract: The paper presents a method for mitigating the negative effect of vortex motion inside the 
suction chambers of centrifugal pumps in order to obtain better use of water resource and decrease 
the risk related to loss of prime. It was studied the influence of a rotating device on the vortex motion 
in  the  case  of  a  vertical  suction  pipe.  The  device  is  consisting  of  three  thin  vertical  cylinders 
symmetrically mounted on a horizontal rotating disk placed in front of the inlet section of the suction 
pipe. The experimental research was conducted for various diameters of the cylinders, water levels in 
the suction chamber and pump flow rates. It was assessed the vortex type, frequency of arising and 
living life of vortices. The experimental results are compared with the case the device is absent in 
order to assess the efficiency of the solution. By using the device a decrease of about 1215% of 
vortex arising is observed for most of the water levels in the suction chamber and for 80 -90 % of the 
centrifugal  pump  flow  rates.  If  high  flow  rates  and  low  water  level  in  the  suction  chamber  are 
simultaneously present, violent vortex motion is blocking the rotating device and the volume of air 
entered the pipe is massive - extreme regime. The flow pattern in the suction chamber was visualized 
using a laser sheet. At the inlet section of the suction pipe one can observe two main flow patterns: 
central vortex entrance for high water level in the suction chamber and reduce flow rates of the 
centrifugal pump and lateral vortex entrance for low water level and high flow rates. The conclusions 
of the experiment confirm the energy dissipation of the vortices arising in the suction chamber, due to 
utilization of the rotating device, in most of the centrifugal pump regimes. 
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1. INTRODUCTION 
Air entrainment in liquid flows due to random vortex tube arising is a key issue study in 
various hydrodynamic applications: free surface flows, centrifugal pump rotor flows, sump 
pump aspiration conditions, hydraulic installations etc. Concerning the study of free surface 
vortex,  some  research  was  performed  in  order  to  locate  the  vortex  formation  and  its 
structure. Analytical expressions were derived in order to obtain velocity values of the free 
surface vortex [1-3]. Numerical models were used for different geometries of pump intake 
systems in order to make  connections between the solid  structure shape and vortex  types 
[4-6]. Studies on decreasing pumping systems performances due to negative effect of the air 
entrained in rotor pumps were performed related to submerged vortex and cavitation [7], [8]. 
In the field of water supply the study of flow in pumps’ suction chamber follows to 
obtain design indications, from which it should result mainly the minimum level of liquid in 
the vortex where the occurrence does not induce instability in pumps’ functioning. These Adrian CIOCANEA  38 
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instabilities implicitly produce some modifications of parameters related facilities: the drive 
motor load variations, vibrations and noise resulting in wear by fatigue of a part of some 
sections  of  installations  and  boundary  even  loss  of  prime.  Regarding  the  prediction  of 
suction vortices numerical CFD codes were used in order to check their applicability to the 
design of the pump station instead of the expensive experimental method [9], [10]. Some 
technical solutions are known in order to obtain anti-vortex effect such wire meshes placed 
transversal on the flow direction, floating structures [11], rectangular plates [12], scaled bar 
trash rack of expanded width as a vortex suppressor to reduce the tendency of free-surface 
vortex [13], [14]. The present paper is presenting a new solution for mitigating the negative 
effect of vortex motion inside the suction chambers of centrifugal pumps. It was studied the 
influence of a rotating device on the vortex motion in the case of a vertical suction pipe. 
The device is consisting in three thin vertical cylinders symmetrically mounted on a 
horizontal  rotating  disk  placed  in  front  of  the  inlet  section  of  the  suction  pipe.  The 
experimental research was conducted for various diameters of the cylinders, water levels in 
the suction chamber and pump flow rates. 
2. SUCTION CHAMBER MODELLING AND EXPERIMENT 
Authors  believe  there  are  many  types  of  vortices  in  the  suction  chamber  of  centrifugal 
pumps, and a main classification being accepted in the literature [15], [16], is presented in 
Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Vortex classification system 
The researches in this field are mainly experimental and try to explain the mechanism 
for developing the vortex, assess their frequency, as well as modeling suction chamber by 
hydrodynamic similarity - external forces, boundary conditions, fluid attributes etc. In order 
to avoid the negative effects of the vortex occurrence both on the functioning of the pumping 
aggregates and the construction of the suction chambers, it is desirable the knowledge of the 
correlations in between the functional parameters of working machines (H,Q) and the static 
level in the suction chamber Hst). The intensity, life and shape of the vortex depend mainly 
on the rotating speed of the rotor, the flow rate and the head of the pump, the water level in 
the suction chamber, the pressure on the free area of the liquid, the geometry of the chamber 
and the positioning of the aspiration section, the liquid's physiochemical characteristics. 
Using the similarity and the affinity laws for pumps one can derive the size of the model 
related to pumping system. Installation used in the paper is a model at ¼ scale of a real 
suction chamber - Fig. 2. 39  Method for mitigating the negative effect of vortex motion 
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Fig. 2 Close loop pumping system: SC - suction chamber (1x 0,3 x 0,3) m; VC - video camera; PC - computer; 
TG - tachometer; DAB - data acquisition board; F - flow meter 
The free liquid level in the suction chamber was gradually/successively modified. The 
flow was measured with an electromagnetic flow meter and the rotating speed of the rotor 
pump was measured with a tachometer. For every level of the liquid (Hst) on different drive 
speed of the centrifugal pump one determined the type, life time, and number of the vortex.  
Different patterns of vortex are presented in Fig. 3 according to the water level and 
rotating speed of the rotor pump. In Fig. 4 are presented the same moments in the flow in 
front  of  the  suction  section.  For  obtaining  relevant  conclusions  a  video  recording  was 
performed and a laser sheet was used in order to offer a better light of the section. 
One can observe that a lighter area in the section is corresponding to the air entrance, 
hence if long performing  video movie is  analyzed air flow entered in the pump can be 
calculated using a digital method. [17].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a)  b) 
    Fig. 3 Vortex pattern - lateral - for n = 550 rot/min (a)  and  n = 1550 rot/min (b) Adrian CIOCANEA  40 
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One can observe that at the inlet section of the suction pipe there are two main flow 
patterns: central vortex entrance for high water level in the suction chamber and reduced 
flow rates of the centrifugal pump and lateral vortex entrance for low water level and high 
flow rates.  
The  conclusion  obtained  by  the  analyzing  of  experimental  data  and  using  the 
hydrodynamic complex method allowed the deduction of several correlations between the 
vortex frequency,  pump debit/flow,  the static level of the liquid in the  suction chamber 
(Fig. 5). The full areas represent the frequency of vortex appearance according to the flow Q 
of the pump (or rotating speed n) and height z (or Hst) in the suction chamber. 
We can state then that once the flow increase, the vortex probability increases as well. In 
the same time, their lifetime increases along with the diminishing of the static level the 
suction chamber. 
Also,  the  rotation  of  the  pump  impeller  favours  the  vortex  arising.  The  apparently 
random forming of vortex on the surface is actually regular based, the frequency being the 
effect of the flow fluctuation and water level in the suction chamber. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4 Vortex footprint - front - for: n = 550 rot/min (a)  and  n = 1550 rot/min (b) 41  Method for mitigating the negative effect of vortex motion 
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One can observe that at the inlet section of the suction pipe there are two main flow 
patterns: central vortex entrance for high water level z in the suction chamber and reduce 
flow rates of the centrifugal pump and lateral vortex entrance for low water level and high 
flow rates. 
The conclusion obtained by the analyzing of experimental data allowed the deduction of 
several correlations between the vortex frequency f, pump flow rate, the static level of the 
liquid in the suction chamber z -Fig. 5. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Frequency of the vortex arising f (z,Q) [11] 
The full areas represent the frequency of vortex appearance according to the flow Q of 
the pump (or rotating speed n) and height z (or Hst) in the suction chamber. 
We can state then that once the flow increase, the vortex probability increases as well. In 
the same time, their lifetime increases along with the diminishing of the static level the 
suction chamber. 
Also,  the  rotation  of  the  pump  impeller  favours  the  vortex  arising  as  z  value  is 
decreasing. As an example, for n = 550 rot/min the permanent vortex motion arise at z = 13 
cm and for n = 1,550 rot/min at z = 15.5 cm 
3. MITIGATING THE NEGATIVE EFFECT OF VORTEX MOTION 
After setting down the characteristics of the suction chamber - f(z,Q) - it became possible to 
analyze the possibilities of reducing the frequency of the vortex arising in order to avoid 
pump prime loss at low water level. 
An original method is proposed by studying the influence of a rotating device on the 
vortex  motion.  The  device  is  consisting  in  three  thin  vertical  cylinders  symmetrically 
mounted on a horizontal rotating disk placed in front of the inlet section of the suction pipe. 
The experimental research was conducted for various diameters of the cylinders, water levels 
in the suction chamber and pump flow rates. 
Using the same testing installation and the same working conditions it was possible to 
assess the flow pattern. One can observe that the device is rotating due to rotor pump effect 
(pre- rotation) even free surface vortex is not present. 
When vortex is arising one can observe that due to the motion of the device the vortex 
pattern is changed in comparison with the initial conditions (no device): at low flow rates the 
vortex  is extracted from  the  suction  pipe  -  Fig.  6.a  -  and  at  high  flow  rates  the  vortex 
trajectory is modified - longer path - until entering the suction pipe and hence lowering the 
rotating energy Fig. 6 b.  Adrian CIOCANEA  42 
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a.                                             b.       
Fig. 6 Flow pattern evolution for n = 550 rot/min (a.) and n = 1550 rot/min (b.) 
Using the same methodology as before the dependence f(z,Q) was obtained – Fig. 7. On 
the same graphical basis presented in Fig. 5 one can observe in Fig. 7 that frequency f of 
vortex arising is decreasing due to the rotating device motion. For example, using the same 
data, for n = 550 rot/min the permanent vortex motion arises at z = 11.5 cm and for n = 1,550 
rot/min at z = 13 cm. According to Fig. 7, for each pumping regime in the suction chamber 
12…15 % of water remains available for pumping system till permanent vortices are present 
hence more water can be used. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7 Frequency of the vortex arising f (z,Q) using the rotating device 43  Method for mitigating the negative effect of vortex motion 
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The conclusions are valid for 80 - 90 % of the centrifugal pump flow rates with the 
exception of extreme regimes (low z and high n values). 
4. CONCLUSIONS 
A method for mitigating the negative effect of vortex motion inside the suction chambers of 
centrifugal pumps is studied in order to obtain better use of water resource and decrease the 
risk related to loss of prime. It was studied the influence of a rotating device on the vortex 
motion in the case of a vertical suction pipe. 
The  device  is  consisting  in  three  thin  vertical  cylinders  symmetrically  mounted  on  a 
horizontal  rotating  disk  placed  in  front  of  the  inlet  section  of  the  suction  pipe.  The 
experimental results are compared with the case the device is absent in order to assess the 
efficiency of the solution. The conclusion obtained by the analyzing of experimental data 
and using the hydrodynamic complex method allowed the deduction of several correlations 
between the vortex frequency, pump flow rate, the static level of the liquid in the suction 
chamber. By using the device a decrease of about 1215% of vortex arising is observed for 
most of the water levels in the suction chamber and for 80 - 90 % of the centrifugal pump 
flow rates. If high flow rates and low water level in the suction chamber are simultaneously 
present, violent vortex motion is blocking the rotating device and the volume of air entered 
the pipe is massive - extreme regime. 
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